RNA transcripts are subjected to post-transcriptional gene regulation by interacting with hundreds of RNA-binding proteins (RBPs) and microRNA-containing ribonucleoprotein complexes (miRNPs) that are often expressed in a cell-type dependently. To understand how the interplay of these RNA-binding factors affects the regulation of individual transcripts, high resolution maps of in vivo protein-RNA interactions are necessary 1 .
.
A combination of genetic, biochemical and computational approaches are typically applied to identify RNA-RBP or RNA-RNP interactions.
Microarray profiling of RNAs associated with immunopurified RBPs (RIP-Chip)
2 defines targets at a transcriptome level, but its application is limited to the characterization of kinetically stable interactions and only in rare cases 3, 4 allows to identify the RBP recognition element (RRE) within the long target RNA. More direct RBP target site information is obtained by combining in vivo UV crosslinking 5, 6 with immunoprecipitation [7] [8] [9] followed by the isolation of crosslinked RNA segments and cDNA sequencing (CLIP) 10 . CLIP was used to identify targets of a number of RBPs [11] [12] [13] [14] [15] [16] [17] . However, CLIP is limited by the low efficiency of UV 254 nm RNA-protein crosslinking, and the location of the crosslink is not readily identifiable within the sequenced crosslinked fragments, making it difficult to separate UV-crosslinked target RNA segments from background non-crosslinked RNA fragments also present in the sample.
We developed a powerful cell-based crosslinking approach to determine at high resolution and transcriptome-wide the binding sites of cellular RBPs and miRNPs that we term PAR-CliP (Photoactivatable-Ribonucleoside-Enhanced Crosslinking and Immunoprecipitation) (see Fig. 1A for an outline of the method). The method relies on the incorporation of photoreactive ribonucleoside analogs, such as 4-thiouridine (4-SU) and 6-thioguanosine (6-SG) into nascent RNA transcripts by living cells. Irradiation of the cells by UV light of 365 nm induces efficient crosslinking of photoreactive nucleoside-labeled cellular RNAs to interacting RBPs. Immunoprecipitation of the RBP of interest is followed by isolation of the crosslinked and coimmunoprecipitated RNA. The isolated RNA is converted into a cDNA library and deep sequenced using Solexa technology. One characteristic feature of cDNA libraries prepared by PAR-CliP is that the precise position of crosslinking can be identified by mutations residing in the sequenced cDNA. When using 4-SU, crosslinked sequences thymidine to cytidine transition, whereas using 6-SG results in guanosine to adenosine mutations. The presence of the mutations in crosslinked sequences makes it possible to separate them from the background of sequences derived from abundant cellular RNAs.
Application of the method to a number of diverse RNA binding proteins was reported in Hafner et al.
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Video Link
The video component of this article can be found at http://www.jove.com/video/2034/
Protocol
The protocol below describes the PAR-CliP procedure for HEK293 cells expressing FLAG/HA-tagged IGF2BP1 upon induction with doxycycline. We will use an anti-FLAG antibody for immunoprecipitation.
P-ATP to a final concentration of 0.5 μCi/μl and T4 PNK (NEB) to 1 U/μl in one original bead volume. Incubate the suspension for 30 min at 37°C. 2. Add non-radioactive ATP to obtain a final concentration of 100 μM and incubate for another 5 min at 37°C. 3. Wash the magnetic beads 5 times with 800 μl of PNK buffer without DTT. 4. Resuspend the beads in 70 μl of SDS-PAGE loading buffer.
SDS-PAGE and electroelution of crosslinked RNA-protein complexes from gel slices 1. Incubate the radiolabeled suspension for 5 min in a heat block at 95°C to denature and release the immunoprecipitated RBP with crosslinked RNA and vortex. 2. Remove the magnetic beads on the separator and transfer the supernatant to a clean 1.5 ml microfuge tube. 3. Load 40 μl of the supernatant per well of a Novex Bis-Tris 4-12% (Invitrogen) precast polyacrylamide gel and run the gel for 55 min at 200 V. 4. Disassemble the gel chamber and dismantle the gel, leaving it mounted on one plate. To facilitate the alignment of the gel to the phosphorimager paper printout, we recommend implanting three tiny radioactive gel pieces asymmetrically at three of the four corners of the gel. Radioactive gel pieces can be collected from gels that were previously used to purify radiolabeled synthetic oligonucleotides. Wrap the gel in plastic film (e.g. Saran wrap) to avoid contamination. 5. Expose the gel to a blanked phosphorimager screen for 1 h and visualize on a phosphorimager. 6. Align the gel on top of the phosphorimager printout using the implanted gel pieces for orientation. Cut out the bands that correspond to the expected size of RBP (IGF2BP1, approx. 75 kDa) and transfer to a D-Tube Dialyzer Midi Tube and add 800 μl 1x SDS running buffer. 7. Electroelute the crosslinked RNA-RBP complex in 1x SDS running buffer at 100 V for 2 h. excised from the gel and electroeluted in a D-Tube Dialyzer Midi (Novagen) in 800 μl SDS running buffer according to the instructions of the manufacturer.
Proteinase K digestion
1. Add an equal volume of 2x Proteinase K Buffer with respect to the electroeluate, followed by the addition of Proteinase K (Roche) to a final concentration of 1.2 mg/ml. Incubate for 30 min at 55°C. 2. Recover the RNA by acidic phenol/chloroform/IAA extraction (25:24:1, pH 4.0) followed by a chloroform extraction. Add 1 μl of glycogen (10 mg/ml stock) precipitate the RNA by adding 3 volumes of ethanol. Dissolve the pellet in 10.5 μl water.
cDNA library preparation and deep sequencing
Carry the recovered RNA through a standard cDNA library preparation protocol originally described for cloning of small regulatory RNAs
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. The first step, 3' adapter ligation, was carried out as described on a 20 μl scale using 10.5 μl of the recovered RNA. Use the Solexa sequencing adapter sets described. Depending on the amount of RNA recovered, 5'-adapter-3'-adapter products without inserts may be detected after amplification of the cDNA as additional PCR bands. In such cases, excise the longer PCR product of expected size from a 3% NuSieve lowmelting point agarose gel, elute the PCR product from the gel pieces using the GelElute kit (Qiagen) and sequence using the Solexa technology. One Solexa sequencing run usually affords between 6 and 10 million sequence reads that are enough for a transcriptome wide coverage of the binding sites of RNA binding proteins.
Bioinformatic analysis
Careful bioinformatic analysis of the sequence reads needs to be done to obtain meaningful insights into the RNA binding sites for the examined RBP, such as the RNA recognition element, the preferred binding regions the RBP has (exonic vs. intronic, coding sequence vs. untranslated sequence). The sequence reads need to be aligned against the genome and EST databases. We usually use reads mapping uniquely to the genome with up to one mismatch, insertion or deletion to build clusters of sequence reads that can then be further analyzed. The frequency of characteristic mutations in the clustered sequenced reads, T to C transitions when using 4-SU and G to A transitions when using 6-SG, are indicative of successfully crosslinked sequences. In our experience uncrosslinked RNAs labeled with 4-SU show a background mutation rate of approximately 20%. This rate is increases to approx. 50-80% upon crosslinking.
A detailed description of the bioinformatic analysis can be found in the Supplementary material of the publication by Hafner et al.
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Optional Steps
Determination of incorporation levels of 4-thiouridine into total RNA Isolate total RNA from the cell line stably expressing the RBP of interest after growing in medium supplemented with 100 μM 4SU 16 h prior to harvest. As a control, harvest cells grown without 4SU addition. Isolate total RNA by addition of 3 volumes of Trizol reagent (Sigma) to the washed cell pellets following the manufacturer s instructions. was Further purify total RNA using Qiagen RNeasy according to the manufacturer's protocol. To prevent oxidization of 4SU during RNA isolation and analysis, add 0.1 mM dithiothreitol (DTT) to the wash buffers and subsequent enzymatic steps. Digest and dephosphorylated total RNA to single nucleosides for HPLC analysis as described before 20 . Briefly, in a 30 μl volume, incubate 40 μg of purified total RNA were for 16 h at 37°C with 0.4 U bacterial alkaline phosphatase (Worthington Biochemical) and 0.09 U snake venom phosphodiesterase (Worthington Biochemical). As a reference standard, use a synthetic 4SU-labeled RNA, (we standardly use CGUACGCGGAAUACUUCGA(4SU)U) and also subject it to complete enzymatic digestion. Separate the resulting mixtures of ribonucleosides by HPLC on a Supelco Discovery C18 (bonded phase silica 5 μM particle, 250 x 4.6 mm) reverse phase column (Bellefonte PA, USA). HPLC buffers are 0.1 M TEAA in 3% acetonitrile (A) and 90% acetonitrile in water (B). Use an isocratic gradient: 0% B for 15 min, 0 to 10 % B for 20 min, 10 to 100% B for 30 min. Apply a 5 min 100 % B wash applied between runs to clean the HPLC column.
